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Hyperammonaemic encephalopathy after
initiation of valproate therapy in unrecognised
ornithine transcarbamylase deficiency
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Abstract
Ornithine transcarbamylase deficiency is
an X linked disorder and the most com-
mon inherited cause of hyperammonae-
mia. Fluctuating concentrations of
ammonia, glutamine, and other excito-
toxic amino acids result in a chronic or
episodically recurring encephalopathy. A
heterozygous female patient first pre-
sented with protein intolerance, attacks of
vomiting, and signs of mental retardation
in early childhood. At the age of 16
complex partial seizures occurred which
were treated with sodium valproate. Seven
days after initiation of valproate therapy,
she developed severe hyperammonaemic
encephalopathy with deep somnolence.
The maximum concentration of ammonia
was 480 µmol/l. After withdrawal of val-
proate, three cycles of plasma dialysis,
and initiation of a specific therapy for the
inborn metabolic disease, ammonia con-
centrations fell to normal values. The
patient remitted, returning to her pre-
morbid state. Valproate can cause high
concentrations of ammonia in serum in
patients with normal urea cycle enzymes
and may worsen a pre-existing hyperam-
monaemia caused by an enzymatic defect
of the urea cycle. SuYcient diagnostic
tests for the detection of metabolic disor-
ders must be performed before prescrib-
ing valproate for patients with a history of
encephalopathy.

(J Neurol Neurosurg Psychiatry 1998;64:680–682)
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Deficiency of the mitochondrial urea cycle
enzyme ornithine transcarbamylase (synonym
ornithine carbamoyltransferase, OTC) is an X
linked disorder causing hyperammonaemia.1

Most male patients develop severe hyperam-
monaemia with seizures and coma in the neo-
natal period; a few patients are asymptomatic
until juvenile or adult age.2 3 Heterozygous
females show a widespread variation in onset
and severity of symptoms. Episodic vomiting,

protein intolerance,mental retardation, psychi-
atric manifestations such as bizarre behaviour,
irritability and aggression, ataxia, focal and
generalised tonic-clonic seizures, and distur-
bances of consciousness are typical symptoms
of the chronic and episodically exacerbating
encephalopathy in OTC deficiency.4–8 Diagno-
sis is often delayed because symptoms are non-
specific and inherited diseases are rarely
considered in young adults. Influences such as
high protein intake, infection, or postpartum
state can provoke exacerbations of
hyperammonaemia.4

We report a heterozygous patient with com-
plex partial seizures and undiagnosed heterozy-
gosity for OTC deficiency who, after initiation
of valproate therapy, developed severe hyper-
ammonaemic encephalopathy.

Case report
A 16 year old girl was referred to the hospital
because of frequent episodes of absence lasting
for seconds or minutes, which had started
when she was 5 or 6 years old. She showed
bizarre and aggressive behaviour followed by
amnesia and stereotype actions such as persist-
ent hair brushing. She retired into herself and
showed fluctuating confusion, anxiety, and
impaired local orientation. Family history and
physical development in childhood were nor-
mal. Despite mild mental retardation she was
able to finish regular school. She avoided eating
meat and often vomited. Neurological examin-
ation showed no focal signs and MRT was nor-
mal. Two EEGs disclosed bilateral theta slow-
ing and a delta focus in temporal areas over the
left hemisphere but no epileptic activity. Com-
plex partial epilepsy was diagnosed and car-
bamazepine treatment started. A daily dose of
600 mg (body weight 60 kg) reduced the
frequency of seizures only for two months. For
this reason, the patient’s physicians added val-
proate.
Seven days after initiation of valproate

therapy (daily dosage 600 mg), severe distur-
bance of consciousness occurred. The patient
was deeply somnolent. Her eyes were closed,
movements were unaimed, she showed no ver-
bal response and did not follow commands or
react to painful stimuli. Muscle tone was
reduced. Cardiopulmonary function was
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normal. Blood samples disclosed an excessively
high level of plasma ammonia of 480 µM (nor-
mal<50 µM) with normal serum transaminases
and fibrinogen. Diagnosis of OTC deficiency
was based on non-detectable serum citrulline
and high urinary excretion of orotic acid
(urinary orotic acid/creatinine ratio 189 mg/g).
Plasma glutamine was 1.37 mM (normal<0.55
mM). EEG now showed diVuse theta/delta
slowing and again a left temporal focus. Three
cycles of plasma dialysis were done to eliminate
ammonia. Concurrent specific therapy of OTC
deficiency with low protein diet, treatment with
sodium benzoate (6000 mg per day), and
sodium phenylbutyrate (6000 mg/day) and
substitution of L-arginine (6000 mg per day)
were initiated. Oral L-citrulline was not
tolerated. Valproate therapy was stopped im-
mediately. Within five days, ammonia serum
concentrations fell to 55 µM. Somnolence dis-
appeared within two days and mental status
improved, returning to a premorbid level
within four days. Specific diet and treatment
were continued. However, because of fluctuat-
ing compliance of the patient, more episodes of
raised ammonia serum concentrations and
complex partial seizures occurred after dis-
charge from the hospital. Therefore, anticon-
vulsive treatment with carbamazepine had to
be restarted.

Discussion
Deficiency of OTC is the most common inher-
ited cause of hyperammonaemia. About one
out of 30 000 women in the United States is
heterozygous for this urea cycle defect.9 10

Often, patients present with generalised tonic-
clonic or focal seizures.4 7 8 11–13 High cerebral
concentrations of glutamine14 and excitatory
amino acids such as quinolinic acid15 and
aspartate16 lead to a loss of cholinergic
neurons15 and seem to play the main part in the
pathophysiology of mental retardation and sei-
zures. Diagnosis of OTC deficiency can be
based on the X linked inheritance, high serum
concentrations of ammonia, glutamine and
alanine, low serum citrulline, raised urine con-
centrations of orotic acid, and stimulation of
urine excretion of orotidine after receiving
allopurinol.17

To our knowledge, only three patients with
heterozygous OTC deficiency who developed
hyperammonaemia after initiation of valproate
therapy have been described so far.11–13 Two of
them were young women,11 12 and one was a 7
year old girl.13 All three patients were treated
because of tonic-clonic seizures and showed
confusion and somnolence one to six days after
starting valproate therapy. The patient with the
highest maximum concentration of plasma
ammonia (650 µM) was ventilated and re-
mained decerebrate, even though plasma
ammonia concentration fell. The other two
patients (plasma ammonia concentrations 386
µM and 170 µM) survived but only the second
had a remission. There is one short report18 of
an 11 month old boy with OTC deficiency who
died six weeks after initiation of valproate
therapy (ammonia concentration 455 µM).
Our patient is the first described who had a

remission, returning to the premorbid state
despite an excessive plasma ammonia concen-
tration of 480 µM.
Valproate can cause hyperammonaemia in

patients with normal concentrations of urea
cycle enzymes.19 20 The proposed pathophysi-
ological mechanisms are: (a) increment of
mitochondrial glutamine transport21 22; (b) in-
hibition of carbamoylphosphate synthetase23 by
inhibition of N-acetylglutamate synthesis24;
and (c) reduction of ammonia metabolism by
decrement of carnitine availability19 followed
by suppression of fatty acid â-oxidation.
The resulting hyperammonaemia may

worsen pre-existing increased ammonia con-
centrations in OTC deficiency.
This case shows that in a patient with a his-

tory of recurrent encephalopathy and seizures
an inherited disorder of metabolism, such as a
urea cycle defect, should definitely be taken
into consideration. It is also important to note
that ammonia serum concentrations may be
temporarily normal when the patient is on a
low protein intake. SuYcient diagnostic tests
for the detection of metabolic disorders must
be done before prescribing valproate in pa-
tients with mental retardation or behavioural
abnormalities.

1 Rowe PC, Newman SL, Brusilow SW. Natural history of
symptomatic partial ornithine transcarbamylase deficiency.
N Engl J Med 1986;314:541–7.

2 Drogari E, Leonard JV. Late onset ornithine carbamoyl
transferase deficiency in males. Arch Dis Child 1988;63:
1363–7.

3 Kennedy CR, Cogswell JJ. Late onset ornithine carbamoyl
transferase deficiency in males [letter]. Arch Dis Child
1989;64:638.

4 Arn PH, Hauser ER, Thomas GH, et al. Hyperammonemia
in women with a mutation at the ornithine carbamoyltrans-
ferase locus.N Engl J Med 1990;322:1652–5.

5 Largilliere C. Psychiatric manifestations in a girl with orni-
thine transcarbamylase deficiency. Lancet 1995;345:1113.

6 Batshaw M, Roan Y, Jung AL, et al. Cerebral dysfunction in
asymptomatic carriers of ornithine transcarbamylase defi-
ciency.N Engl J Med 1980;302:482–5.

7 Lacey DJ, DuVner PK, Cohen ME, et al. Unusual
biochemical and clinical features in a girl with ornithine
transcarbamylase deficiency. Pediatr Neurol 1986;2:51–3.

8 Pridmore CL, Clarke JT, Blaser S. Ornithine transcar-
bamylase deficiency in females: an often overlooked cause
of treatable encephalopathy. J Child Neurol 1995;10:369–
74.

9 Horwich AL, Fenton WA. Precarious balance of nitrogen
metabolism in women with urea-cycle defect [editorial].N
Engl J Med 1990;322:1668–70.

10 Batshaw ML. Ornithine transcarbamylase deficiency. In:
Buyse ML, ed. Birth defects encyclopedia. Dover, MA:
Center for Birth Defects Information Services, 1990:
130–1.

11 Kay JD, Hilton-Jones D, Hyman N. Valproate toxicity and
ornithine carbamoyltransferase deficiency. Lancet 1986;ii:
1283–4.

12 Honeycutt D, Callahan K, Rutledge L, et al. Heterozygote
ornithine transcarbamylase deficiency presenting as symp-
tomatic hyperammonemia during initiation of valproate
therapy.Neurology 1992;42:666–8.

13 Leao M. Valproate as a cause of hyperammonemia in
heterozygotes with ornithine-transcarbamylase deficiency.
Neurology 1995;45:593–4.

14 Connelly A, Cross JH, Gadian DG, et al. Magnetic
resonance spectroscopy shows increased brain glutamine in
ornithine carbamoyl transferase deficiency. Pediatr Res
1993;33:77–81.

15 Ratnakumari L, Qureshi IA, Butterworth RF. Evidence for
cholinergic neuronal loss in brain in congenital ornithine
transcarbamylase deficiency. Neurosci Lett 1994;178:63–5.

16 Ratnakumari L, Qureshi IA, Butterworth RF. Regional
amino acid neurotransmitter changes in brains of spf/Y
mice with congenital ornithine transcarbamylase defi-
ciency.Metab Brain Dis 1994;9:43–51.

17 Hauser ER, Finkelstein JE, Valle D, et al. Allopurinol-
induced orotidinuria: a test for mutations at the ornithine
carbamoyltransferase locus in women.N Engl J Med 1990;
322:1641–5.

18 Tripp JH, Hargreaves T, Anthony PP, et al. Sodium
valproate and ornithine carbamyl transferase deficiency.
Lancet 1981;i:1165–6.

Hyperammonaemic encephalopathy and valproate in ornithine transcarbamylase deficiency 681

http://jnnp.bmj.com


19 Williams CA, Tiefenbach St, McReynolds JW. Valproic
acid-induced hyperammonemia in mentally retarded
adults.Neurology 1984;34:550–3.

20 Marescaux C, Warter JM, Micheletti G, et al. Stuporous
episodes during treatment with sodium valproate: report of
seven cases. Epilepsia 1982;23:297–305.

21 Rumbach L, Cremel G, Marescaux C, et al. Valproate-
induced hyperammonemia of renal origin: eVects of
valproate on glutamine transport in rat kidney mitochon-
dria. Biochem Pharmacol 1989;38:3963–7.

22 Warter JM, Brandt Ch, Marescaux Ch, et al. The renal ori-
gin of sodium valproate-induced hyperammonemia in fast-
ing humans.Neurology 1983;33:1136–40.

23 Marini AM, Zaret BS, Beckner RR. Hepatic and renal con-
tributions to valproic acid-induced hyperammonemia.
Neurology 1988;38:365–71.

24 Coude FX, Rabier D, Cathelineau L, et al. A mechanism for
valproate-induced hyperammonemia [letter]. Pediatr Res
1981;15:974–5.

HISTORICAL NOTES continued

Jacobus Schroeder van der Kolk
(1797–1862),7 Professor of Anatomy and
Physiology at Utrecht in 1826 performed
autopsies and used an early microscope to
study the brains of epileptics. His conclusions
were given in: On the minute structure and func-
tions of the medulla oblongata and the proximate
causes and rational treatment of epilepsy (1859).
He found: “dilatation of the veins which
appeared filled with blood in the cortex,
medulla and spinal cord”. The medulla
“showed a fatty degeneration” . . . “The first
cause of epilepsy . . . is exalted sensibility and
excitability of the medulla oblongata . . .liable
to discharge upon itself . . . and followed by
involuntary reflex movements . . .”8

Of the origins of the fit, Robert Bentley
Todd9 believed that “in all instances the hemi-
spheric lobes are first disturbed, next follow the
corpora quadrigemina, and upon the intensity
of the disturbance depends the extent to which
the medulla oblongata and the spinal cord are
engaged.”10 Nothnagel had referred to “the
convulsive centre” adjacent to the centre for
respiration. Hammond in his A treatise on the
diseases of the nervous system (1871) , like van
der Kolk thought that the seat of epilepsy lay in
the medulla; lesions in the cortex excited the
medulla to produce the convulsive fit.
Gowers clearly favoured the cortex: “ . . .all

the phenomena of the fits of idiopathic epilepsy
may be explained by the discharge of grey mat-
ter; that the hypothesis of vascular spasm is as
unneeded as it is unproved; . . .that epilepsy is
a disease of the grey matter, and has not any
uniform seat.”11

It was Hughlings Jackson (1834–1911) who
finally formulated a physiological and rational
definition: “A convulsion is but a symptom,
and implies only that there is an occasional, an
excessive, and a disorderly discharge of nerve
tissue on muscles.”12

Jackson reported that in focal attacks post-
mortem disclosed “coarse” diseases of the
brain . . . The site of such lesions could be inferred
from the onset of the fit. This was an important
early step forward in rational cerebral localisa-

tion from clinical signs. His lucid and minute
descriptions embraced the diverse intellectu-
al,psychic, dreamy states, sensory, motor, and
aphasic contents of various types of seizures, as
well as the several postepileptic states.13 14 A
convulsion was a positive phenomenon as
opposed to the negative phenomena of paraly-
sis. His deductions received ample confirma-
tion and acknowledgement from David Ferri-
er’s experimental work15 and the galvanic
stimulation of the brain carried out by Fritsch
and Hitzig.
Pharmacological and surgical treatments

were to follow.
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